Conformation and antimicrobial activity of linear derivatives of tachyplesin lacking disulfide bonds.
Tachyplesin is a potent antimicrobial peptide isolated from the hemocytes of the horseshoe crab, Tachypleus tridentatus. Previous studies have shown that the 17-residue peptide has an intrinsic amphipathic structure conferred by two antiparallel beta-sheets held rigidly by two disulfide bonds. Taking its short length into account and the potential of such a small polypeptide to take on multiple conformational states, one may assume that the disulfide bonds are relevant determinants of function. However, in order to gain a global perspective on the tolerance of cysteine residues in tachyplesin to amino acid substitutions, a series of linear peptides have been synthesized and their physicochemical properties analyzed. In these linear peptides, the cysteines have been replaced with amino acids possessing different side-chain properties, i.e., aliphatic hydrophobic (Ala, Leu, Ile, Val, and Met), aromatic hydrophobic (Phe and Tyr), and acidic (Asp). Activity assays using natural and synthetic membranes, and conformational measurements, highlight the subtle influence and variability of the amino acid side-chain properties on peptide structure. While an unequivocal interpretation of the results will have to await more refined structural measurements, our results indicate that a rigidly held disulfide-bonded beta-pleated sheet structure may not be absolutely essential for antimicrobial activity. Furthermore, the results challenge the accepted dogma of structure-activity relationships among antimicrobial peptides and suggest that the maintenance of peptide hydrophobic-hydrophilic balance may be a critical parameter, in addition to structure, in the design of peptides with pharmaceutical relevance.